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 The COVID-19 pandemic and associated restrictions measures led to a global decline in 
transit ridership. Although, the decline in transit ridership varied among different geographical 
locations and different social groups. This paper analyzes the varying degree of "L" rail ridership 
decline across the "L" stations and among different social groups in Chicago during the 
pandemic.  We use descriptive statistics to explain the spatial variation of ridership decline and 
explore the influence of socio-economic and demographic characteristics to determine the 
varying level of "L" rail transit demand during the pandemic. We also employ a linear regression 
model to quantify the influence of socio-economic indicators in determining the "L" rail 
ridership before and after the pandemic. Descriptive and regression analyses reveal that transit 
service areas with a higher proportion of vulnerable populations (lower median income, lower 
educational qualification, non-white, zero household vehicle ownership, and people over 35 
years old), higher employment density, and higher jobs-housing ratio tend to have higher 
demand of "L" rail service during COVID-19 in Chicago. We also find that "L" rail stations 
located in the South and West side of Chicago experienced lower rate of ridership decline than 
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CHAPTER 1: INTRODUCTION 
The COVID-19 pandemic has posed unprecedented challenges to every country and 
society around the world that have taken significant tolls on people. The rapid transmission of 
the virus has prompted governments to implement public health restrictions and recommended 
guidelines on using public transportation to slow down the virus transmission.  These restrictive 
measures have remarkably reduced the travel demand in urban areas. Transit modes, in 
particular, have experienced a substantial amount of ridership loss compared to other private 
vehicles. After assessing the spatial data, the Google COVID-19 Community Mobility Report 
(2020) shows that public transit providers experienced a consistently lower public transit usage 
rate than private cars and other modes all over the world. 
Public transit services are particularly vulnerable to virus transmission due to the limited, 
enclosed, and often crowded physical space available in transit modes and stations. Moreover, 
public transportation guidelines recommended by CDC, like maintaining minimum physical 
distance, not touching the surface, are difficult to follow while riding the transit services. 
Consequently, transit agencies are losing transit users all over the United States. For instance, 
compared to the ridership in 2019, the New York subway system's ridership lost as much as 92% 
of their daily ridership. Transit- a smartphone application, which covers many cities in North 
America, also reported a 77% down in-app usage from late March 2020 to April 2020 (Transit, 
2020).  However, the degree of ridership loss varied across the different geographical areas 
during the pandemic. For example, Metrorail ridership in Washington DC declined by 90%, and 
bus ridership declined by 75% by the end of March 2020 (WMATA, 2020). In contrast, VIA 
Metropolitan Transit in San Antonio, Texas, declined by only 30% by the end of March 2020 
(VIA, 2020). 
Generally, socio-economic and demographic characteristics play an essential role in 
determining the travel behavior of people. Socio-economic and demographic characteristics, like 
income, age, sex, education, race, and vehicle ownership, significantly influence people's transit 
behavior.  Taylor and Fink (2003) identified these socio-economic characteristics as the external 
factor which are primarily exogenous to the system but significantly influences transit ridership. 
For instance, historically marginalized households with a lower yearly income are likely to ride 
buses, while high-income groups prefer to utilize rail systems as their transit mode (Grahn et al., 
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2019). A report published by American Public Transportation Association also shows that 
among total bus riders, 30% of the riders have a household income of less than $15,000, and 
12% of the riders have a household income of $100,000 or more. While among rail riders, only 
13% have household incomes below $15,000, and 29% have household incomes of $100,000 or 
more (APTA, 2017). Following the trend, the magnitude of transit ridership declines due to the 
COVID-19 pandemic also varied across different socio-economic classes. Transit users with 
different socio-economic backgrounds responded to the pandemic differently. Some studies 
show that people of color who worked in low-paid, lower educational requirement jobs did not 
change much of their travel behavior due to the pandemic and continued to ride transit services. 
In comparison, people who worked in high-paid and higher educational requirement jobs 
drastically reduced their transit trips during the pandemic (De Vos, 2020; Garza, 2020; Sy et al., 
2020; Wilbur et al., 2020; "Who's left riding public transit", 2020). Therefore, vulnerable and 
disadvantaged groups depend on transit services more during the pandemic as they do not 
usually have alternative travel options for their daily commute than the advantaged groups. 
 However, public transportation agencies are facing acute financial shortfalls to maintain 
their daily services due to the pandemic (APTA 2021), which can negatively impact the mobility 
options of the vulnerable and disadvantaged groups. To avoid the impact and risk compounding 
existing socio-economic divide, the government needs to formulate informed policy initiatives to 
support the most vulnerable social groups.   
The varying degrees of transit demand across geographical locations and social groups 
make it difficult to find global solutions for local transit service providers that reflect adequate 
transit services while navigating a rapidly changing environment with reduced resources.  In this 
study, we use ridership data from the Chicago Transit Authority (CTA) to conduct a systematic 
analysis of the impacts of COVID-19 on the "L" rail service and its users in Chicago. We use 
descriptive statistics to characterize the varying degree of ridership decline across different 
socio-economic groups. We find that "L" rail ridership decline is much lower among 
marginalized social groups during the pandemic compared to the privileged social groups in 
Chicago.  Higher employment density, higher median income, higher educational attainment, 
higher job ratio, higher household vehicle ownership, higher percentage of young and white 
people lead to higher ridership decline in Chicago.  
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To examine and quantify the relationship between ridership decline due to COVID-19 and 
socio-economic characteristics, we also use a linear regression model that relates the monthly 
average ridership values at each station to the socio-economic and demographic characteristics of 
people living in the transit coverage area. We use a COVID-19 dummy variable to compare the 
influences of socio-economic indicators with or without the impact of the COVID-19 pandemic. 
We find that the transit areas with a higher percentage of people with income less than poverty 
level and a lower percentage of young people (age range: 18-34) have experienced a lower rate 
of ridership decline due to the pandemic. We also find that COVID-19 does not significantly 
impact population density and household car ownership to influence "L" rail ridership in 
Chicago. We conclude that COVID-19 had substantial but uneven impacts on social groups in 
Chicago. Using this study results, CTA can better understand people's "L" rail transit behavior 
and update their services accordingly to ensure transit service for the most vulnerable social 
















CHAPTER 2: BACKGROUND 
2.1 "L" Rail in Chicago 
The Chicago "L" is a rapid transit system operated by the Chicago Transit Authority (CTA) 
that serves Chicago and some of its surrounding neighborhoods. The transit system has 145 
stations, and eight color-coded rapid transit routes consist of approximately 224.1 miles of 
elevated, tunneled, and graded tracks, making it the fourth-largest rapid transit system in the 
United States in terms of route length (CTA, 2017). Among the eight routes of this transit 
service, the Red and Blue lines are the longest and busiest lines that also provide 24-hour service 
in Chicago. 
The contribution of the L rail in carrying 
passengers is almost equal to the public bus 
in Chicago. As of 2016, CTA bus service 
carried 259.1 million passengers annually, 
and at the same time, the L rail service 
carried 238.6 million passengers (CTA, 
2017). To recognize the contribution of this 
rail service in the public transportation of 
Chicago, Cudahy (1982) credited "L" rail to 
foster Chicago's dense city core growth, 
which is a distinguishing feature of 
Chicago.  
The rail track network and station of the 
transit system presented in figure 1 show 
that the rail system is primary designed to 
establish a connection between downtown 
Chicago and other parts of Chicago. The 
network layout also shows that there are 
almost no connections between the rail 
lines except the Chicago loop (the main 
section of Chicago downtown) area. These 
Figure 1: “L” rail lines in Chicago. 
Note. The figure was created by Chicago Transit 






separated rail lines force the people living in the same service area of a specific station and who 
depend on rail service for their daily commute to choose similar destinations. For instance, if 
someone living near the Harlem station (furthest west station of Green line) wants to reach the 
airport via L-rail service, he/she will have to travel up to the loop first and then can ride the Blue 
line to reach the airport. Therefore, we have considered "L" stations and surrounding transit 
service areas as our unit of analysis for the study.  
2.2 COVID-19 Restrictions and "Protecting Chicago Framework" in Chicago 
Chicago identified the first confirmed case of coronavirus on January 24, 2020. By March 
21, 2020, the total number of COVID-19 cases reached 753 in Illinois (IDPH, 2020), and the 
state of Illinois issued stay-at-home for the entire state except for an array of workplaces deemed  
Source: City of Chicago, 2019. 
Table 1: Summary of phase-wise restriction measures to fight COVID-19 in Chicago  
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essential (COVID-19 Exec. Order No. 8, 2020). After the statewide emergency declaration of the 
stay-at-home order, the Mayor, City of Chicago, alongside the Chicago Department of Public 
Health (CDPH), also came up with a planned policy framework to reduce the risk of coronavirus 
transmission and re-open Chicago. In coordination with the "Restore Illinois" plan, the City of 
Chicago announced a framework called "Protecting Chicago" to guide Chicago's re-opening 
process amid COVID-19. The framework is organized into five phases, where every phase 
describes the ways to exit from the pandemic while prioritizing public health safely. A 
summarized version of the restrictions included in the different phases of the framework is given 
in Table 1. 
 Table 1 shows that the City started relaxing the restrictions when it transitioned from lower 
phases to higher phases. For instance, non-essential workers are not allowed to go work on phase 
I and phase II but allowed to do so on phase II and onwards. In transitioning between the phases, 
the City relied on the rate of disease spread, testing and contract tracing capacity, capacity to 
support vulnerable residence, and capacity of the healthcare system to handle a potential future 
surge. After a thorough review of these indicators and capacity, Chicago moved from phase I to 
phase II on May 1, 2020, from phase II to phase III on June 3, 2020, and from phase to III to 
phase IV June 26, 2020 ("6 months of COVID-19:", 2020).  
Figure 2: Ridership change in Chicago “L” rail lines  
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Moving from one phase to another and changing the associated restriction measures also 
influenced people's transit behavior. The total number of L-rail riders was as low as 25,835 in 
phase I and phase II (Stay-at-Home), which became as high as149,411in phase IV (Gradual 
Resume) (CTA, 2020). Figure 2 displays the total daily ridership for different lines of the CTA 
"L" rail.  The figure also shows that the Red and Blue line carried more than 250,000 passengers 
on an average per day before the restrictions.  These ridership numbers for Red, Blue, and all 
other lines plummeted during phase I and phase II of the pandemic. However, most of the lines 
experienced a slow increase in daily ridership when the restrictions became more relaxed in 
phase III and phase IV. 
2.3 Chicago Transit Authority (CTA) During Pandemic 
As the City of Chicago continues to implement restriction measures to stop the spread of 
coronavirus, the Chicago Transit Authority also announced additional safety measures for its 
employees and riders to promote social distancing, including limiting the maximum number of 
riders in a rail car. CTA set the maximum limit of riders (seating and standing) to 22 for a rail car 
(Burns, 2020). Moreover, CTA launched the "Rail Ridership Information Dashboard" that 
provides the average number of seats taken per rail car at each stop along the rail line to avoid 
overcrowding. Passengers can select the start and end stations by rail lines, the desired time of 
day, and day type (Weekday, Saturday, Sunday) through this web-based dashboard to understand 
the crowding levels before their trip (CTA, 2020). However, CTA did not reduce scheduled "L" 











CHAPTER 3: METHODOLOGY AND DATA SOURCE 
This study uses descriptive statistics as a way of drawing high-level conclusions about 
the "L" rail ridership decline trend due to the COVID-19 pandemic at the station level with the 
corresponding socio-economic and demographic characteristics of the people living in the "L" 
station coverage areas.  Although CTA provides ridership information as far back as 2001, to 
assess the impact of COVID-19 that started in early 2020, our analysis considers ridership data 
from January 2019 to September 2020. We use March 21, 2020 (stay-at-home order declaration 
date in Illinois) to September 30, 2020 (last updated data during the analysis) ridership data as 
the post-COVID-19 ridership and Mar 21, 2019, to September 2019 as the pre-COVID-19 
ridership. We divide the ridership decline rate from 2019 to 2020 at each station into quantiles to 
compare the socio-economic and demographic characteristics of people associated with each of 
the quartiles. Before the comparison, first, we delineate the transit station catchment area. We 
then aggregate the census block groups that fall within the delineated catchment area and their 
associated demographic and socio-economic metrics together, which provides us a unique transit 
catchment area with socio-economic and demographic indicators for each unique "L" rail station.  
Delineating transit catchment area and assigning the socio-economic and demographic 
indicators: Transit catchment area, also called transit 
service coverage, is usually measured as the vicinity of a 
transit stop or station (Andersen and Landex, 2008). 
Conventionally transit catchment area of a transit station 
is determined by the willingness distance or threshold 
distance that people walk to ride transit modes.  The 
distance to walk depends on a number of factors, such as 
whether it has been measured on actual walking distance 
or straight-line distance, the presence of different 
roadway facilities, pedestrian environment, and safety 
and security of walking. Moreover, including bicycles 
can also effectively expand the transit catchment area as 
biking makes the transit stations more accessible from a 
further distance. Some studies recommended that 0.25-mile (400 m) is the optimum walking 
Figure 3: Transit catchment area (red 




distance to access a transit stop in transit planning (Kim et al., 2005; Murray and Davis, 2001). 
However, after studying 1,449 high-capacity American transit stations in 21 cities, Guerra et al. 
(2012) suggested a 0.25-mile distance around transit stations for jobs and a 0.5-mile distance 
around residences to determining the transit catchment area.  For this study, we use a 0.25-mile 
radius buffer to select the census block groups. Instead of delineating a precise boundary of 
transit station catchment area, we select all the census block groups that lie, touch or intersect the 
0.25-mile radius line from rail stations for this study. Therefore, the furthest distance from a rail 
station to its catchment area could be more than 0.25-mile as shown in figure 3. To incorporate 
the ACS census block-group level socio-economic and demographic metrics with the station 
level ridership information, we perform a spatial join to determine which stations fall within 
which block groups and attached the relevant socio-economic and demographic data to each 
station.  
From the comparison, we select those indicators that show an increasing or decreasing 
trend with the change of ridership decline rate from top quartile to bottom quartile to perform 
linear regression analysis. However, to measure the influence of various socio-economic and 
demographic characteristics hypothesized to influence the ridership decline during the pandemic 
by fitting a linear regression model, correlation among the characteristics has been identified to 
avoid multicollinearity problem.  
This study uses a linear regression model to identify the influences of selected socio-
economic and demographic characteristics in explaining monthly average "L" rail ridership in 
Chicago. We select the percentage of people with income below poverty level in the last 12 
months, percentage of young people (aged between 18 to 34 years), percentage of households 
with no vehicle ownership, jobs-housing ratio, and population density as the independent 
variable.  In addition to these independent variables, we also use the COVID-19 dummy variable 
representing whether the monthly average ridership is for March to September 2020 or not in the 
linear model. The interaction (between COVID-19 dummy and independent variables) effects 
used in the model represents whether the coefficient of an independent variable depends on the 
value of the dummy variable or not. Therefore, a statistically significant interaction term 
indicates the influence of the COVID-19 pandemic in determining the relationship between 
dependent and independent variables. Finally, we use the log value of average monthly ridership 




"L" rail Ridership Data  
CTA publishes data through the open data program offered by the City of Chicago, which 
is available in the City of Chicago open data portal. We obtain the number of passengers entering 
on "L" stations collected through the combined total at each turnstile for each station. This 
ridership count is aggregated by "L" station, day, and day type (Weekday, Saturday, 
Sunday/Holiday). We collected data from January 2019 until September 30, 2020, based on 
availability at the time of collection. We also collected shapefiles of "L" rail stations and "L" rail 
lines and census block groups from the data portal to specify the geographical locations of the 
"L" rail stations, lines, and census block groups.  
Socio-economic and Demographic Data 
To use socio-economic and demographic indicators in the study, we use two data sources. 
Selected socio-economic and demographic data for Cook County, IL at census block group level 
were collected from American Community Survey (ACS) 2015-2019 5-Year Estimates of US 
Census Bureau. While spatial data, i.e., census block group boundary shapefile (2010), was 
collected from the City of Chicago Data Portal. Then we merge both of these datasets into one, 
using the unique GEOID available for each census block group in the Chicago metropolitan area. 
The merged and final dataset used in the study contains socio-economic, demographic, and 
spatial information of census the block group boundary for block groups that fall, lie, or insect 











CHAPTER 4: RESULTS 
4.1 Descriptive Analysis 
4.1.1 Total Ridership Change  
  Chicago experienced a drastic drop in "L" rail ridership due to public health concerns 
posed by the COVID-19 pandemic throughout the City. This change in ridership coincides with 
the time and mitigation measures taken by the Chicago City authority. For instance, the first 
significant drop in ridership occurred around late March, when the City decided to enforce a city-
wide "stay at home" order on March 21, 2020. Figure 4 shows that starting from late March to 
early June (Phase I & II) of 2020, total ridership reduced to approximately 100,000 a day from 
approximately 600,000 a day which is more than an 80% drop in total daily ridership. After 
reaching the maximum reduction in early June, the ridership started to rebound when the City 
decided to relax some public health-related restrictions and entered into the cautiously re-
opening phase (Phase III). However, the recovery rate and corresponding recovered ridership 
was not close enough to fill even half of the ridership loss since the March drop.  The ridership 
was still approximately 80% less than the observed ridership during the same period in 2019.  
Figure 4: “L” rail ridership changes in Chicago 
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The figure also shows that although there was a consistent recovery of ridership during phase III, 
but in phase IV, the rate ridership recovery became stagnant and continued to be unchanged till 
September. 
During the mentioned observed period (i.e., January 2019 to September 2020), there was 
no notable change in "L" rail service frequency except for a few temporary and irregular changes 
primarily due to the maintenance works.  Thus, the observed change in ridership showed in the 
figure was not primarily caused by the reduced "L" rail service; instead, it represents an overall 
behavioral change of people during the pandemic. 
4.1.2 Spatial Distribution of Ridership Change by Station 
       In this section, we look at spatial variation in ridership. Each boarding was mapped to 
corresponding "L" rail station transit coverage to represent the ridership change during different 
pandemic phases in Chicago. Figures 5 to 8 show the percent decrease of ridership in each 
station and their spatial distribution in Chicago. The ridership decline rate or percent decrease of 
 
Figure 5: Spatial Distribution of Ridership Loss 
(Phase I) 
 





ridership was calculated based on the ridership difference between 2019 and 2020 for each 
specific phase. For example, if the average ridership of station 'A' is 'X' in 2019 and 'Y' in 2020 
during phase I (Mar 21 to Apr 30), then the ridership decline rate for station 'A' becomes [(X-
Y)/X]*100. "L" rail ridership loss rate was also not equal for all "L" rail stations. Some stations 
experienced a higher rate of ridership decline, while some experienced a relatively lower rate of 
decline. Compared to the ridership in 2019, all four phases in 2020 experienced ridership loss 
ranged from 43% to 98%. The figures (5 to 8) show that stations located in downtown Chicago 
and the Northside of Chicago, i.e., Logan Square, Lincoln Park, North Center, and Avondale 
neighborhood, experienced a higher rate of daily ridership loss.  
However, the ridership loss was comparatively lower in the stations that are located in 
the Far Northside, Westside, and Southside of Chicago.  
After the maximum drop of total ridership in phase II, some stations experienced a slow 
rebound in daily ridership. The ridership recovery rate of stations was calculated based on the 
Figure 7: Spatial Distribution of Ridership Loss 
(Phase III) 





ridership count in phase I of 2020. Therefore, the recovery rate of stations represents the 
percentage gain of ridership compared to total ridership in phase I of the same station. Figures 9 
and 10 show the spatial distribution of stations and their ridership recovery rate in Chicago 
during phase III and phase IV. Since ridership change continued to go down in phase II of 2020, 
the recovery map for phase II has not been included in the analysis.  Although, figure 9 shows 
that a small number of stations (mainly in the southside of Chicago) continued to decrease even 
in phase III of the pandemic. In phase IV, all the L-rail stations in Chicago experienced ridership 
gain (figure 10). The recovery maps also show that ridership recovery followed a similar trend to 
the ridership loss trend.  
For example, stations located in the Far Northside, Westside, and Southside of Chicago have 
experienced a lower rate of ridership loss from 2019 to 2020 as well as a lower rate of recovery 
in Phase III and phase IV compared to phase I in 2020. In contrast, stations located in downtown 
Figure 9: Spatial Distribution of Ridership 
Recovery (Phase III) 
Figure 10: Spatial Distribution of Ridership 




Chicago and the Northside experienced a higher rate of ridership decline from 2019 to 2020 and 
a higher rate of ridership rebound in phases III and IV. 
 4.1.3 Ridership Decline and Socio-economic Characteristics 
The previous section summarizes the spatial distribution of ridership decline in different 
"L" rail stations. However, possible implications from ridership decline vary greatly depending 
on the socio-economic characteristics of rail users. The range of ridership decline from 2019 to 
2020 was between 94% to 50%. Based on the ridership declination rate, stations were grouped 
into quartiles to compare various socio-economic and demographic characteristics of the people 
living in census block groups within the 0.25-mile buffer. The summary of the comparison is 
presented in Table 2 that characterizes the socio-economic and demographic variation of people 
with a variation of ridership declination from 2019 to 2020 divided into quantiles. The top 
quantile represents a ridership decline of 87 to 94 percent (higher ridership loss), and the bottom 
Table 2: Summary statistics of socio-economic and demographic characteristics with varying 
degree of ridership decline 
Socio-economic and demographic 
indicators in selected Census blocks 
within quarter-mile buffer from 
stations 



























Average Median Household Income 
(USD) 
118,104.7 93,462.2 64,565.8 36,900.9 
Percent young (% people between 18 to 
34 years old) 
49.24 40.28 31.76 24.92 
Percent white 76.67 69.51 56.68 18.90 
Educational attainment (% people over 
25 years old and have bachelor or 
higher degree) 
79.64 68.61 47.51 20.75 
Percentage of households with no 
vehicles 
29.01 32.28 30.12 37.82 
Jobs-Housing Ratio 1.31 1.15 1.11 0.84 
 
Employment density 
12,908.57 9,578.87 4,693.25 3,688.97 




three quantiles represent 81 to 86 percent (moderately higher ridership loss), 70 to 80 percent 
(moderately lower ridership loss), 50 to 69 percent (lower ridership loss), respectively. 
Table 2 shows that rail stations that serve transit catchment areas with higher median 
household income, higher educational attainment, younger people, higher percentage of white 
people, higher household car ownership, higher jobs-housing ratio, and higher employment 
density experienced a higher rate of ridership reduction. Simultaneously, stations with opposite 
socio-economic and demographic characteristics experienced a lower rate of ridership reduction. 
According to the table, the ridership decline rate falls from top percentile ridership loss to bottom 
percentile, when median household income decreased from over one hundred thousand a from to 
below forty thousand a year. Similarly, the proportion of younger people decreased to almost 
half when the ridership decline rate decreases. The table also shows that educational attainment, 
percentage of white people, household car ownership, jobs-housing ratio, and employment drop 
significantly when station-wise ridership decline rate becomes lower.  
      The socio-economic and demographic characteristics presented in table 2 and spatial 
variation of ridership decline exhibit that the impact of COVID-19 on rail transit usage was 
uneven and varied according to people's socio-economic and demographic characteristics. The 
gap between the haves and have-nots might have influenced transit usage significantly in 
Chicago during the pandemic.  However, without detailed trip level information, strong 
conclusions about the relationship between socio-economic indicators and ridership decline are 
difficult to make.  
4.2 Regression Results Analysis 
       We examine and quantify the relationship between the ridership decline due to COVID- 19 
and socio-economic factors using linear regression analysis. The linear model was fit with the 
"log" of recorded monthly average ridership at each station as the dependent variable.  The 
independent variables were strategically selected based on the descriptive analysis (table 2). 
However, before selecting the independent variables to use in the linear analysis, correlations 
between the independent variables have been observed to avoid multicollinearity. The correlation 
matrix (Figure 11) shows the pair-wise correlation among all explanatory variables. There is a 
high correlation between educational attainment, poverty level, percentage of white people, and 
percentage of young people. 
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Moreover, population density and employment density are also highly correlated. Therefore, we 
did not include educational attainment, race (% of white people), median income, and 
employment density in the analysis because of the multicollinearity problem.  
The adjusted R-squared value of the model is 0.63 indicating the regression fitted the data well.  
We also use Q-Q plots to test the normality of the residuals.  The results show that points fall 
along a straight line in Q-Q plot where actual quantiles are close to the theoretical normal 
distribution quantiles, which represents the normality of residuals.  A residuals assessment of the 
model without the insignificant factors also shows that the residuals are normally distributed, and 
there are no multicollinearity effects. The model also meets the homoscedasticity assumption. 
From these tests, we conclude that the regression model properly fits the data, and it is 
appropriate to use the Ordinary Least Square model. Table 3 provides regression analysis results 
relating the average ridership for each station with socio-economic indicators in transit areas.  





Poverty level (% of people who had income below poverty level in the past 12 months): 
      The results of the analysis confirm the hypothesis that a lower amount of "L" rail transit 
demand or rail ridership is associated with a higher percentage of people below the poverty level. 
The ridership decline rate is lower among poor people, most likely because they have physical 
occupations, cannot work at home, and depend on transit services for their daily movement. 
Table 3: Regression results 
Explanatory Variables 
Dependent variable: 
Log of average monthly 
ridership 
 
 Co-efficient (SE) 
Intercept 6.833*** (0.172) 
Poverty level (% of people who had income below 
poverty level in the past 12 months) 
-0.028*** (0.002) 
Percent young (% people between 18 to 34 years old) 0.018*** (0.002) 
Percentage of households with no vehicles 0.014*** (0.003) 
Population density 0.00001*** (0.00000) 
Jobs-housing ratio - 
  
COVID-19 dummy: year2020 -1.153*** (0.275) 
Interaction Terms  
Poverty level: year2020 0.015*** (0.004) 
Percent young (% people between 18 to 34 years old): 
year2020 
-0.016*** (0.003) 
Percentage of households with no vehicles: year2020 - 
Population density: year2020 - 




Adjusted R2 0.633 
Note:     *p<0.1; **p<0.05; ***p<0.01  
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Without the impact of COVID-19 pandemic, the effect of poverty level on ridership is negative, 
i.e., a higher number of people below the poverty level indicates a lower number of "L" rail 
riders. However, a significant positive coefficient of the interaction term between COVID-19 and 
poverty level in the regression results indicates that people earning below poverty level started to 
use "L" rails more during the pandemic than the pre-pandemic time. Figure 12 shows that the 
line between log value of average monthly ridership and percentage of people living below 
poverty was more stepper before the pandemic but becomes flattered during the pandemic. The 
coefficient value of the independent variable is small. The coefficient value of poverty level 
indicator due to the pandemic becomes (-0.028+ 0.015) or -0.013, which also means, one unit 
increase in poverty level variable is associated with [exp (-0.028)-1] *100 or 2.76% decline in 
rail ridership without the impact of COVID-19. However, the percentage decline becomes [exp 
(-0.013)-1] *100 or 1.29% during the pandemic.   
      We did not include the race (percentage of white of people) and educational attainment 
(percentage of people with bachelor or higher degree) indicators as explanatory variables in the 
regression analysis to avoid multicollinearity problems. However, a statistically significant 
correlation of these indicators with the percent of people with income below the poverty level 
suggests the vulnerability of non-white and less educated people during the pandemic. The 
correlation indicates that a higher number of people with income below the poverty level is also 
associated with a higher number of non-white and less-educated populations who are more likely 
to use and depend on "L" rail during the pandemic. A user survey conducted by the Transit-a 
transit user survey validates the result. In order to find out who are riding transit services during 
the pandemic, the user survey shows that African Americans, Hispanics, or Native Americans 
are more active than other races. Similarly, almost 50% of the users during the pandemic/survey 
respondents only had some high school diploma (Transit, 2020). The survey also shows that 
active transit users skew towards lower-income brackets during the pandemic, especially for the 
people whose annual income is less than $15000 (Transit, 2020). The survey results reaffirm the 




Percentage of Young People: The percentage of young people or the ratio of the population 
between 18 to 34 years old is associated with lower "L" rail ridership during the pandemic in 
Chicago. Figure 13 shows the line between the log value of average monthly ridership and the 
percentage of young people steeply upward without the impact of the pandemic. However, the 
line becomes flattered during the pandemic. One unit increase percentage of young people 
associated with [exp (0.018)-1] *100 or 1.82% increase in "L" rail ridership before the pandemic, 
but due to the pandemic, one unit increase accounted for only [exp (0.018-0.016)-1] *100 or 
0.20% or almost no increase during the pandemic.  
The user survey conducted by Transit also supports this result. The survey found a significant 
ridership drop in young people under 18 and between 25 to 44 years old; meanwhile, the relative 
ratio of people between 45 to 64 years old doubled during the pandemic (Transit, 2021). 
Household vehicle ownership and population density: The absence of a significant coefficient 
of the interaction term between the percentage of households with no vehicle and COVID-19 as 
well as population density and COVID-19 indicate that the effect of vehicle ownership and 
population density on ridership is not different with or without the pandemic. The unique effect 





Figure 12: Interaction plot: Effect of poverty 
with or without COVID-19. 
Figure 13: Interaction plot- Effect of age 
with or without COVID-19. 
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CHAPTER 5: DISCUSSION AND POLICY IMPLICATION 
The spatial distribution of ridership decline shows a variation and difference among the 
"L" stations. In case of ridership decline, downtown Chicago and the northern part of Chicago 
experienced a higher magnitude of rail ridership, most likely due to workers working remotely. 
In comparison, Southside and Westside of Chicago experienced a comparatively lower 
magnitude of ridership decline. An opposite trend has been observed for the ridership rebound 
rate when the City decided to implement comparatively relaxed public health restrictions. The 
stations which experienced a rapid decline of ridership during strict stay-at-home order also 
experienced a comparatively higher rebound rate during the cautiously resume and gradual 
reopening phase. 
  Consequently, the Southside and Westside of Chicago experienced lower ridership 
decline, and lower ridership rebound as people did not stop using rail services much during the 
pandemic.  These trends also suggest the necessity and dependency of some specific 
geographical locations on "L" rail services. People living in the Southside and Westside of 
Chicago can be defined as "captive rider" who depends on rail services irrespective of public 
health restrictions during the pandemic due to their limited alternative travel options. In 
comparison, people from the Northside of Chicago near the downtown area can be defined as 
"choice riders" who have the ability to choose from multiple travel options. The uneven 
distribution of ridership decline also validates Semuel's (2018) claim about the racial segregation 
and inequality that divides Chicago. This also suggests a need for developing policy measures or 
programs by concerned authorities that can specifically address the transportation equity for 
Southside and Westside Chicago. 
Chicago "L" rail station transit coverage areas with a higher percentage of people with 
income below poverty level, a higher percent of non-white or minority population (African 
American, Hispanic), and a lower percentage of younger people tend to have a higher share of 
rail ridership during the pandemic. The conclusion suggests the necessity of the "L" rail transit 
system in Chicago during a pandemic when transit systems experience rapid transit demand loss. 
This also establishes the role of the "L" rail transit system as a crucial infrastructure to support 
Chicago's vulnerable population. CTA should adjust the "L" rail services based on the socio-
economic characteristics and their spatial needs to avoid overcrowding. For example, currently, 
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CTA uses the "Rail Ridership Information Dashboard" to provide information on the crowding 
status of their rails. However, improving the level of service in the stations with a higher 
concentration of vulnerable people, in addition to the "ridership dashboard," can better solve the 
overcrowding problem and ensure transit accessibility to the vulnerable people. However, 
providing an additional or improved level of service could create an extra financial strain since 
CTA is already facing a revenue deficit- a report shows that a half-billion-dollar fall off in 2020 
(Garza, 2020). The government should come forward to allocate more subsidies and other 
essential resources with adequate consultation of local government and assist transit providers in 
improving the level of service in the regions with a higher density of vulnerable people. 
The results also show that interactions between COVID-19 dummy and household 
vehicle ownership as well the COVID-19 dummy and population density do not have significant 
coefficients to determine rail ridership in Chicago. Therefore, the ridership decline during the 
pandemic is not associated with household vehicle ownership and population density (or 
employment density since population and employment density have a high positive correlation). 
The conclusion also suggests that commonly used measures might not be adequate to describe 
the transit demand of transit riders during the pandemic. Although, the variables capture a 
significant portion of transit demand for both dependent and choice rider during the average 
time. This suggests the importance of re-thinking about the socio-economic and demographic 
measures more accurately in determining transit dependency during the crises like COVID-19 in 
Chicago. The local government should collaborate with CTA to offer easily accessible and 










CHAPTER 6: CONCLUSION 
Using the "L" rail ridership information and socio-economic indicators, this study finds 
that the spatial distribution of ridership loss due to COVID-19 varies across stations. "L" station 
transit coverage area with socio-economic features like income below poverty level, age more 
than 25 years, lower educational attainment, non-white race experienced comparatively lower 
ridership decline, but transit coverage area with opposite socio-economic features experienced 
higher ridership decline in Chicago. Besides the varying magnitudes of ridership decline, all "L" 
rail stations in Chicago experienced a drastic loss in daily ridership. Based on the result, the 
study identifies the "L" rail service as a critical infrastructure to support unprivileged and 
vulnerable social groups of Chicago during a pandemic; thus, the study recommends CTA and 
City government to find out feasible service modification to serve these groups.  
Further research can be done from this study to resolve some of its limitations and 
strengthen the "purity" of the results that we found from the regression analysis. One limitation 
of our study concerns the representativeness of explanatory variables. We use socio-economic 
and demographic characteristics to explain the ridership decline; however, some unobserved 
factors like characteristics of the built environment, weather conditions, and available funding 
support may also contribute to the change in "L" rail transit in Chicago. Besides these factors, the 
availability of bus transit services within the transit coverage area might also influence "L" rail 
ridership. 
Moreover, as we find from figure 4, many "L" stations are experiencing ridership 
recovery after maximum ridership drop in late March and early April of 2020 facilitated by the 
comparatively relaxed public health restrictions and partial lifting of stay-at-home order in 
Chicago. However, the spatial distribution of ridership rebound is not equal all over Chicago. 
Further study can also be done to identify the relationship between the ridership rebound trend 
and user's socio-economic and demographic characteristics when ridership time-series data 
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